PURPOSE. High-mobility group protein B1 (Hmgb1) is released from necrotic cells and induces an inflammatory response. Although Hmgb1 has been implicated in ischemia/reperfusion (IR) injury of the brain, its role in IR injury of the retina remains unclear. Here, the authors provide evidence that Hmgb1 contributes to retinal damage after IR. METHODS. Retinal IR injury was induced by unilateral elevation of intraocular pressure and the level of Hmgb1 in vitreous humor was analyzed 24 hours after reperfusion. To test the functional significance of Hmgb1 release, ischemic or normal retinas were treated with the neutralizing anti-Hmgb1 antibody or recombinant Hmgb1 protein respectively. To elucidate in which cell type Hmgb1 exerts its effect, primary retinal ganglion cell (RGC) cultures and glia RGC cocultures were treated with Hmgb1. To clarify the downstream signaling pathways involved in Hmgb1-induced effects in the ischemic retina, receptor for advanced glycation end products (Rage)-deficient mice (RageKO) were used. RESULTS. Hmgb1 is accumulated in the vitreous humor 24 hours after IR. Inhibition of Hmgb1 activity with neutralizing antibody significantly decreased retinal damage after IR, whereas treatment of retinas or retinal cells with Hmgb1 induced a loss of RGCs. The analysis of RageKO versus wild-type mice showed significantly reduced expression of proinflammatory genes 24 hours after reperfusion and significantly increased survival of ganglion cell layer neurons 7 days after IR injury. CONCLUSIONS. These results suggest that an increased level of Hmgb1 and signaling via the Rage contribute to neurotoxicity after retinal IR injury. (Invest Ophthalmol Vis Sci. 2011;52: 7187-7194) DOI:10.1167/iovs.11-7793 R etinal ischemia-reperfusion (IR) injury is a clinical entity that remains a common cause of visual impairment and blindness in the industrialized world due to relatively ineffective treatment.
R
etinal ischemia-reperfusion (IR) injury is a clinical entity that remains a common cause of visual impairment and blindness in the industrialized world due to relatively ineffective treatment. 1 Inflammation is a pathologic hallmark of IR injury and is spatiotemporally related to the occurrence of delayed cell death. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] Recently published studies and our own data using transmission electron microscopic analysis indicate that retinal ischemia results in a prolonged period of neuronal cell death with a high level of necrotic cells at an early stage of pathology. 11, 12 The danger signals (so-called damage-associated molecular patterns [DAMPs] ) liberated from necrotic cells act through pattern recognition receptors, initiating an additional innate immune response. [13] [14] [15] Thus, DAMPs emanating from necrotic cells may pose an additional risk to surrounding cells postreperfusion.
High-mobility group box-1 (Hmgb1) protein is the prototypic DAMP molecule and has been implicated in several inflammatory disorders. 16, 17 It is an abundant chromatin protein that acts as a cytokine when released in the extracellular milieu by necrotic cells. 16 -20 Levels of Hmgb1 protein are often increased in areas of ischemic insult that mediate ischemiaassociated inflammatory response and damage, whereas neutralization of the extracellular Hmgb1released by ischemic damaged cells protects against IR injury. [21] [22] [23] [24] [25] [26] [27] [28] Hmgb1induces an inflammatory response directly through the pattern recognition receptors such as Toll-like receptor 4 (Tlr4) and receptor for advanced glycation end products (Rage). 16 -20 It was shown that suppression of Hmgb1 signaling through Rage and Tlr4 significantly improves outcome in the brain, heart, liver, and the kidney after IR injury. [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] Previously, we demonstrated that Tlr4 signaling plays a significant role in retinal ischemia. 32 Here, we investigated the effects of Hmgb1 and Rage signaling on the level of inflammation and neuronal death in the ischemic retina.
METHODS

Animals
All experiments and postsurgical care were performed in compliance with the National Institutes of Health Guide for the Care and Use of Laboratory Animals, the Association for Research in Vision and Ophthalmology statement for use of animals in ophthalmic and vision research, and according to the University of Miami Institutional Animal Care and Use Committee approved protocols. RageKO mice were a kind gift from Dr. Joseph Bidwell (Indiana University School of Medicine, Indianapolis, IN). 33 RageKO mice were backcrossed for 14 generations on a C57BL/6 background. 34 Therefore, we used age-matched C57BL/6 mice as controls. All animals used in our experiments were 3-month-old male mice or 10-to 14-day-old pups.
Cell Culture
Retinal ganglion cells (RGCs) were isolated according to the two-step immunopanning method. 11 Briefly, the whole retinas were incubated in papain solution (16.5 U/mL) for 30 minutes. In the next step, macrophage and endothelial cells were removed from the cell suspension by panning with the antimacrophage antiserum (Accurate Chemical, Westbury, NY). RGCs were specifically bound to the panning plates containing anti-Thy1.2 antibody and released by trypsin incuba-tion. RGCs were grown in serum-free basal media (Neurobasal/B27 media; Invitrogen, Carlsbad, CA). Mixed glial cells were prepared from the brains of neonatal (postnatal day 2) mice as previously described.
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Oxygen and Glucose Deprivation Model
RGCs were deprived of oxygen using an anaerobic chamber (0% O 2 , 5% CO 2 , and 95% N 2 ) and glucose-and sodium pyruvate free basal media (Neurobasal media; Invitrogen) for 4 hours at 37°C. After oxygen and glucose deprivation (OGD), the culture medium was exchanged for fresh basal media (Neurobasal/B27), and the neurons were further incubated for 24 hours in a 5% CO 2 atmosphere. Parallel cultures were exposed to oxygenated media in a normoxic incubator (37°C; atmosphere 5% CO 2 ) to serve as sham controls.
Transient Retinal Ischemia
Retinal ischemia was induced for 60 minutes by introducing into the anterior chamber of the eye a 33-gauge needle attached to a normal (0.9% NaCl) saline-filled reservoir raised above the animal to increase intraocular pressure (IOP, which increased to 120 mm Hg). The contralateral eye was cannulated and maintained at normal IOP to serve as a normotensive control. Body temperature was maintained at 37 Ϯ 0.5°C. Complete retinal ischemia, evidenced by a whitening of the anterior segment of the eye and blanching of the retinal arteries, was verified by microscopic examination.
Treatment with Neutralizing Antibody against Hmgb1 or with Recombinant Hmgb1
The neutralizing anti-Hmgb1 antibody (30 g per mouse in 200 L of PBS) was administered by intraperitoneal (IP) injection 15 minutes before ischemia. 23 Controls received the same amount of a nonspecific mouse IgG. Recombinant Hmgb1 (total 1 g in 2 L of PBS, catalog number: 1690HM; R&D Systems, Inc., Minneapolis, MN) was administered by intravitreal injection as described in Yoneda et al. 35 Controls received the same amount of PBS.
Western Blot Analysis
Samples containing 20 g of total retinal proteins were loaded, and the proteins were size-separated in sodium dodecyl sulfate polyacrylamide gel (SDS PAGE). Proteins were blotted onto a polyvinylidene difluoride (PVDF) membrane (Invitrogen) and incubated with HMGB1 primary antibody (1:1000, ab18256; Abcam, Cambridge, MA). Proteins recognized by the antibody were revealed by an ultrasensitive chemiluminescent substrate system (SuperSignal West Femto Maximum Sensitivity Substrate; Pierce Protein Research Products) according to instructions (Thermo Fisher Scientific, Rockford, IL). Briefly, luminol/ enhancer and stable peroxide solutions were mixed at a 1:1 ratio to prepare the substrate working solution. PVDF membrane was incubated 5 minutes in a working solution. Quantification of the protein bands was performed using image acquisition and analysis software (Quantity One; Bio-Rad Laboratories, Hercules, CA). The amounts of expressed protein were calculated by comparison with a standard curve. A standard curve was constructed using purified recombinant Hmgb1 protein of known concentration diluted in PBS.
Neuronal Death Assay
After OGD, necrotic and apoptotic cells were determined using an apoptosis assay kit (Vybrant Apoptosis Assay Kit #2; Invitrogen). Cells were imaged using a confocal microscope (Leica TSL AOBS SP5; Leica Microsystems, Exton, PA) and counted using image analysis software (MetaMorph; Molecular Devices, Sunnyvale, CA). The percentage of necrotic cells (annexin V and propidium iodide) and apoptotic cells (only annexin V) relative to the total number of cells was determined for ten independent images.
Immunocytochemistry
Cultured cells were fixed in 4% paraformaldehyde (PFA) solution in PBS (pH 7.4) and blocked with 5% normal goat serum with 0.1% Tween-20 in PBS (pH 7.4). Cells were then incubated with FITCconjugated beta III tubulin or antiactive caspase-3 (1:250; Cell Signaling Technology). The cells were incubated with goat anti-rabbit fluorescent dye (Alexa Fluor 546, 1:1000; Invitrogen) for 1 hour. Negative controls were incubated with secondary antibody only.
Real-Time PCR
Real-time PCR analysis was performed as previously described 9,10 using gene-specific primers (Table 1) . Specifically, total RNA was extracted from retinas using a resin spin-column system (Nanoprep; Stratagene, Carlsbad, CA) and reverse transcribed with reverse transcriptase (SuperScript III; Invitrogen) polymerase to synthesize cDNA. Real-time PCR was performed using a commercial PCR detection system (iCycler iQ; Bio-Rad, Hercules, CA) and quantitative real-time PCR (QuantiTect SYBR Green PCR MasterMix; Qiagen, Valencia, CA). Relative expression was calculated by comparison with a standard curve after normalization to the housekeeping gene ␤-actin expression chosen as control.
Immunohistochemistry
For immunohistochemistry of a neuron-specific nuclear protein (Neuronal Nuclei [NeuN]) in flat-mounted retinas, eyes were enucleated on euthanatization by CO 2 inhalation under anesthesia, incised at the ora serrata, immersion fixed in a 4% PFA solution (in PBS, pH 7.4) for 1 hour, after which the retinas were removed. The retinas were cryoprotected overnight in 30% sucrose followed by three freeze thaw cycles, rinsed 3 ϫ 10 minutes in 0.1 M PBS, and blocked by 5% donkey serum, 0.1% Triton X-100 in 0.1 M Tris buffer (TB) for 1 hour, and incubated overnight with monoclonal NeuN antibody (dilution 1:300, MAB377X; Millipore, Billerica, MA), followed by a fluorescent dye (Alexa Fluor 647; Invitrogen) goat anti-mouse IgG (heavy and light chains) secondary fluorescent antibodies (Invitrogen). After three 10-minute rinses in 0.1 M TB, retinas were flat-mounted, coverslipped, and imaged using a confocal microscope (Leica TSL AOBS SP5).
TABLE 1. List of PCR Primers
Gene Oligonucleotides
To evaluate the penetration of the anti-HMGB1 antibody into retina, the rabbit anti-HMGB1 antibody (ab18256; Abcam; 30 g per mouse in 200 L) or PBS was administered by IP injection 15 minutes before IR injury. To complete the immunostaining, 24 hours after surgery, animals were humanely euthanatized and retinas were dissected, after which anti-Hmgb1 antibodies were evaluated in the flat-mounted retina. For this purpose, whole retinas were fixed in methanol/20% dimethyl sulfoxide, treated with 1.5% hydrogen peroxide in methanol, and incubated for 30 minutes with a commercial universal reagent (ImmPRESS Anti-Rabbit Ig [peroxidase] Polymer Detection Kit; Vector Laboratories, Burlingame, CA). A commercial peroxidase was used as substrate (NovaRED Peroxidase Substrate Kit; Vector Laboratories).
Counting of NeuN-Positive Ganglion Cell Layer Neurons
NeuN-positive neurons in the ganglion cell layer (GCL), including RGCs and displaced amacrine cells, were imaged by confocal microscopy in flat-mounted retinas. Individual retinas were sampled randomly to collect a total of 20 images located at the same eccentricity in the four retinal quadrants using a ϫ20 objective lens. NeuN-positive neurons were counted semiautomatically using a software application module (MetaMorph; Molecular Devices). Cell loss in the ischemic retinas was calculated as a percentile of the mean cell density in fellow control eyes.
Statistical Analysis
Statistical analyses of real-time PCR and cell density data were performed with one-way ANOVA, followed by the Tukey test for multiple comparisons. In the case of single comparisons, the Student's t-test was applied. Values of P Յ 0.05 were considered statistically significant.
RESULTS
Hmgb1 Is Released in the Vitreous Humor after Retinal Ischemia and Contributes to IR Injury
To investigate the role of Hmgb1 in retinal ischemia, we induced unilateral retinal ischemia in wild-type (WT) mice by raising IOP above normal systolic levels and evaluating neuronal survival. High IOP-induced transient retinal IR is one of the most frequently used models to investigate molecular mechanisms contributing to neuronal ischemic injury. 36 To study the changes of Hmgb1 levels after retinal ischemia, samples of vitreous humor were collected 24 hours after reperfusion, resolved by SDS PAGE, transferred to nitrocellulose, and probed with antibodies against the Hmgb1. We observed an increase in Hmgb1 protein content in the vitreous humor of (Fig. 1) .
To test the functional significance of Hmgb1 release in retinal ischemia, the neutralizing anti-Hmgb1 antibody or control nonspecific mouse IgG was injected IP 15 minutes before ischemia. Since IR-induced degeneration of neurons in the GCL is biphasic, with a primary degeneration occurring within 24 hours after reperfusion and a secondary degeneration progressing over several days, 37 we detected cumulative damage from both waves of degeneration by direct counting of NeuN-labeled GCL neurons of flat-mounted retinas 1 week after reperfusion. Comparison of neuronal loss among anti-Hmgb1 antibody, IgG-treated mice, and untreated mice revealed a significant difference in neuronal resistance to IR injury in the anti-Hmgb1 treated group. The percentage of surviving GCL neurons in the IR retinas was significantly higher in mice injected with the neutralizing anti-Hmgb1 antibody (97 Ϯ 1%) compared with those injected with a nonspecific mouse IgG (70 Ϯ 6%, P Ͻ 0.01) and untreated mice (65 Ϯ 6%, P Ͻ 0.001) (Figs. 2A, 2B) . To evaluate the penetration of the antibody against Hmgb1 into the retina, we stained the parallel flat-mounted ischemic and sham-operated retinas with a horseradish peroxidase labeled secondary antibody. Twenty-four hours after administration of anti-Hmgb1 and retinal IR injury, we detected anti-Hmgb1 antibody in the ischemic retina. In contrast, no signal was found in mice treated with PBS (Fig. 2C) .
To study whether Hmgb1 alone mediates similar damage as IR injury, we injected recombinant Hmgb1 (rHmgb1) intravitreally and evaluated the survival of GCL neurons 7 days after treatment. The analysis of rHMGB1-treated animals showed a decrease (83 Ϯ 3%) in cell numbers in the GCL compared with PBS-treated controls (102 Ϯ 5%, P Ͻ 0.01) (Fig. 3A) . Since Hmgb1 as a danger signal alone is expected to trigger inflammation, we investigated the activation of the proinflammatory markers Ccl2, Cxcl10, Il1␤, Nos2, Tnf, and Icam1 24 hours after injection of rHMGB1 at the level of RNA expression by quantitative PCR. We observed transcriptional upregulation of the Tnf and Il1␤ cytokines as well as Ccl2 and Cxcl10 chemo- kines (Fig. 3B) . Thus, our results suggest that intravitreal injection of rHmgb1 activates a proinflammatory response in retina.
To elucidate in which cell type Hmgb1 exerts its detrimental effect, we turned to cell cultures. We assayed RGC survival in glia RGC cocultures in which RGCs, isolated according to the two-step immunopanning method, were plated directly on a glial monolayer. These cultures were challenged with rHmgb1 or PBS and the number of activated caspase-3/beta III Tubulin-positive RGCs was counted after 24 hours. Treatment with rHmgb1 decreased the number of beta III Tubulin-positive neurons, indicating that RGCs are dying if cultures are treated with rHmgb1 (Figs. 4A, 4B) . We next performed experiments with RGC primary cultures to establish the direct role of Hmgb1 in neuronal vulnerability. RGCs were treated with rHmgb1 or PBS and then assessed for levels of necrotic and apoptotic cells and survival after 24 hours. Quantification of RGC death showed significantly higher cell death in cultures treated with rHmgb1 versus PBS (Figs. 4C, 4D ). To determine whether the observed effects were due to contamination by astrocytes and/or microglia/macrophages, isolated cells were tested by morphology using microscopy ( Fig. 4D) , as well as by real-time PCR, to validate the abundance of neuronal marker and to determine the level of contamination by nonneuronal cells such as glia and macrophages. We assessed the relative abundance of the marker genes for RGCs (Thy1), astrocytes (S100b), and microglia/macrophage (Cd11b) cells in RGCs purified by immunopanning. Real-time PCR did not detect contamination with microglia/macrophages (Cd11b), and as- trocytes were detected only with relative abundance of S100b/ Thy1 marker genes mRNA ranging between 1 and 3% (Fig. 4E) . Thus, the calculated efficiency of RGC purification was 97% to 99%. Importantly, RGC death was significantly higher in glia RGC coculture treated with rHmgb1 (28 Ϯ 2% RGC apoptosis) compared with the primary RGC cultures treated with rHmgb1 (15 Ϯ 2% RGC apoptosis, P Ͻ 0.05) (Fig. 4) . Thus, glia are required for the harmful effect of Hmgb1.
Inactivation of Rage Promotes Survival of GCL Neurons after Ischemic Injury
Rage is a member of the Ig superfamily of cell surface receptors that is activated directly by Hmgb1 and is a mediator of inflammation and damage. 16, 17 In the brain and retina, Rage is present on neurons, glia, and endothelial cells. 38, 39 To study the changes in Rage expression after ischemia, we used the OGD model of ischemia in vitro and the in vivo model of transient retinal ischemia. Primary RGCs were deprived of oxygen and glucose for 4 hours in an anaerobic chamber. For in vivo experiments, we induced retinal ischemia by unilateral elevation of IOP for 1 hour by direct anterior chamber canulation. The changes in expression of Rage were assessed 24 hours postreperfusion by quantitative RT-PCR. We did not observe statistically significant changes in Rage expression in RGCs and retina 24 hours postreperfusion (Fig. 5) .
To evaluate the effect of Rage on the severity of retinal ischemia, we took advantage of a previously characterized Rage knockout (RageKO) mouse model. 34 A testing has demonstrated that RageKO mice are indistinguishable from the wild-type (WT) littermates in every aspect (retinal morphology, total number of GCL neurons, etc.), showing no phenotypic abnormalities (data not shown). We induced retinal ischemia in the WT and RageKO mice and whole retina flatmounts were stained for the neuronal marker NeuN to quantify the number of surviving neurons in the GCL 7 days after reperfusion. We observed IR-induced loss of retinal neurons in both WT and RageKO retinas. However, when neuronal loss in the GCL was compared between WT and RageKO mice, significant differences in neuronal viability became apparent. Retinas from experimental eyes of WT mice had significantly lower numbers of surviving NeuN-positive neurons (69 Ϯ 2%) in the GCL compared with RageKO mice (95 Ϯ 3%, P Ͻ 0.01). In fact, RAGE-deficient mice appeared to be completely protected from IR injury in that no significant difference was found between ischemic and sham-operated retinas in the number of viable GCL neurons (Figs. 6A, 6B) .
To elucidate the downstream signaling pathway involved in elevated resistance to ischemia in RageKO retinas, we compared the expression of several proinflammatory genes, known to be involved in IR-induced cytotoxicity, in ischemic versus sham-operated eyes for both WT and RageKO mice. Transcriptional upregulation of the cytokines Il1␤, Il6, Tnf; the chemokines Ccl2, Ccl5, and Cxcl10; the cell adhesion molecules Icam1,Vcam1, and the Nos2 (iNos) gene; as well as Cybb, Ncf1, and Ncf2 genes encoding subunits of the nicotinamide adenine dinucleotide phosphate (NADPH) oxidase protein complex was evident in all experimental eyes 24 hours after reperfusion (Fig. 7) . In RageKO mice, however, the expression of Tnf, Il6, Ccl2, Cxcl10, Vcam1, Nos2, and Ncf2 was significantly reduced relative to WT. These data suggest that, as a result of the absence of RAGE signaling, the inflammatory response observed in the retina 24 hours after reperfusion was significantly suppressed in the retinas of RAGE-deficient mice.
DISCUSSION
Retinal IR injury results in a prolonged period of cell death with a high level of necrosis at an early stage of pathology. 11, 12, 36 Previously, we demonstrated that necrotic cell death contributes to IR injury. 11 It was shown that danger signals (DAMPs) liberated from necrotic cells act through pattern recognition receptors, initiating an additional innate immune response. [13] [14] [15] Thus, DAMPs emanating from necrotic cells in the retina may pose an additional risk to surrounding cells postreperfusion. Hmgb1 is the prototypic DAMP molecule and has been implicated in IR injury of the brain, heart, liver, kidney, and lung as well as in several inflammatory disorders. 16, 17, [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] Here, we demonstrated that Hmgb1 and its receptor Rage contribute to retinal damage after IR.
Hmgb1, a DNA-binding nuclear protein, is released not only actively after cytokine stimulation but also passively during necrotic cell death. 16 -20 Hmgb1 can promote inflammatory responses and damage by numerous mechanisms. 16, 17, 20 Importantly, Hmgb1 is elevated in the serum of patients with mechanical trauma, stroke, acute myocardial infarction, acute respiratory distress, and liver transplantation, as well as were released from ischemic tissue in animal models of the brain, heart, liver, kidney, and lung IR injury. [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] At the same time, interference with Hmgb1 by a neutralizing antibody, Hmgb1 box A, or a short-hairpin RNA ameliorated damage in these tissues. [21] [22] [23] [24] [25] [26] 28, 31 Our data indicate that Hmgb1 is massively released into the extracellular space and accumulates in the vitreous humor after retinal IR injury, whereas inhibition of Hmgb1 activity with neutralizing antibody decreased retinal damage after IR injury. To study whether Hmgb1 alone mediates similar damage as IR injury, we injected intravitreally recombinant Hmgb1 and evaluated the GCL neuron survival. The analysis of rHmgb1-treated mice showed increased damage of GCL neurons 7 days after injection. Increased levels of chemokines and cytokines in rHmgb1-treated retinas 24 hours after injection could explain this result. 4, 35, 40 Astrocytes and microglia are generally believed to be the primary or sole source of chemokines and neurotoxic cytokines in the retina. 3, 9, [41] [42] [43] [44] [45] Thus, increased RGC death in rHmgb1-treated glia RGC coculture verifies the previous statement. This result is consistent with findings obtained in other tissues. It was previously shown that Hmgb1 injection promotes inflammation and damage in kidney, liver, heart, and brain. 21, 22, 24, 25, 46 Importantly, the observed RGC death after rHmgb1 treatment suggests that Hmgb1 can directly promote neuronal death.
Thus, Hmgb1 can mediate damage in the ischemic retina both directly and indirectly.
To elucidate the downstream signaling pathways involved in Hmgb1-induced effects in the ischemic retina, we used mice that lacked Hmgb1 receptor. Hmgb1 is known to interact directly and activate Tlr4 and Rage. 16 -20 We have previously demonstrated that Tlr4 mediates inflammation and damage after retinal IR injury. 32 In addition, our results suggest that the deleterious effects of endogenous Hmgb1 on IR injury in retina could be explained at least in part by engagement of Rage because retinas from RageKO mice were significantly protected from ischemia as comparable to that of WT mice. Lowered activity of genes encoding the cytokines Tnf and Il6, the chemokines Ccl2 and Cxcl10, the cell adhesion molecule FIGURE 7. Rage deficiency suppresses induction of proinflammatory markers after IR. Gene expression was assessed using real-time PCR in sham-operated controls and experimental retinas 24 hours after IR. For each gene, results are expressed as a percentage of the corresponding value in the shamoperated eye Ϯ SEM after normalization to ␤-actin (*P Ͻ 0.05, n ϭ 6).
Vcam1, the inducible NO-synthase Nos2 and Ncf2, a subunit of the reactive oxygen species producing enzymes NAD(P)H, in RageKO animals suggests that the reduced level of neurotoxic cytokines, inflammatory mediators, and the diminished ability for inflammatory cells to infiltrate the retina could elicit a neuroprotective effect after ischemia. 4, 9, 40, [47] [48] [49] [50] The similarity between proinflammatory responses of ischemic retinas and rHmgb1 treated retinas and results that follow from our studies of Tlr4 and Rage knockouts in retinal ischemia would suggest that Hmgb1 signals through Rage and Tlr4 receptors in retinal IR injury. However, we cannot exclude Hmgb1 signaling through other membrane receptors beside Rage and Tlr4 in retinal ischemia because treatment with neutralizing antiHmgb1 antibody demonstrated a better survival of GCL neurons compared with RageKO and Tlr4KO. 32 For example, it was shown that the complex of Hmgb1 and Il1␤ has greater proinflammatory activity than Il1␤ alone and interacts with the Il1r. 51 An important role of Il1r in mediating ischemic damage in the retina was shown in previous studies. 3, 35 In conclusion, our data strongly support the hypothesis that Hmgb1 plays an important role in retinal IR injury. The effects of Hmgb1 in retinal ischemia could be explained, at least in part, by engagement of Rage and Tlr4, resulting in the activation of proinflammatory pathways and enhanced retinal injury. The current findings clearly indicate that a neutralizing antiHmgb1 antibody may be a specific tool to interfere with both inflammation and cell death in retinal ischemia and might represent a novel therapeutic strategy in IR injury.
